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Executive Summary
Microbiologically Influenced Corrosion (MIC) has been studied since the 1900’s and accounts for
20% of all corrosion-related damage. It has been a concern for a wide range of industries due to its
environmental and economic impact, as well as health and safety issues. MIC results from the metabolic
activity of microorganisms, and is highly prevalent in stagnant liquid storage systems, such as water or
fuel storage tanks (Sowards and Mansfield, 2014). Fungal species, which fall under the category of MIC,
have previously been isolated in aircraft fuel systems and other corroded aluminum sites on aircrafts
(Salvarezza, Demele, & Videla, 1983). Specifically, the filamentous species Aspergillus niger and
Penicillium prequentans have been shown to promote aggressive corrosion towards AA 7075 (Dai et al.,
2016; Smirnov et al., 2008). Corrosion due to the presence of fungi can lead to potential failure of
structural integrity of the materials on which they grow. Therefore, it is important to study the methods
and materials of protection against corrosion and their performance in shielding the materials from
degradation. Epoxy was selected as a coating material of protection due to its common use as a primer
on aircraft and automobile aluminum surfaces.
In this study, epoxy-coated aluminum alloy samples (Al 2024-T3) were tested in the presence of
the fungus Aspergillus niger. Six samples of 10 mm x 20 mm x 0.3 mm dimensions were sealed onto
glass slides using the epoxy. Once the epoxy cured, the samples were placed onto potato dextrose agar
well plates, and 1 mL of A. niger spore solution (1x106 spores/mL) was dispensed on top of the samples.
The system was kept at 23 oC and more than 90 % relative humidity for 12 days. Three control samples
were kept in 0.068 M oxalic acid. The coating was analyzed using optical microscopy methods at the
beginning and at the end of the experiment, and the metabolites have been analyzed with HPLC for the
presence of oxalic acid. Due to time constraints, the results obtained were only optical and visual;
however, it was clear that the epoxy coating weakened in the presence of the fungus and was easily
chipped off the metal coupon. The results indicated that epoxy is not a sufficient material of protection,
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as A. niger breaks down the resin into smaller particles, which are then utilized by the fungus as a source
of carbon. This conclusion is also supported by literature (Capitelli et al., 2005).
Among other factors, the performance of a coating depends on composition, thickness,
consistency, and the adhesion to metal (Little & Lee, 2009). Prior to testing the epoxy coating in the A.
niger environment, it was necessary to sufficiently coat the metal AA 2024-T3 specimens. This presented
a challenge, as the initially-tried epoxy coating – a two-part system – quickly detached from the metal
when placed in 0.068 M oxalic acid solution. Before using store-bought epoxy, there was an effort to
improve adhesion of the epoxy coating to the metal using a silane coupling agent, (3aminopropyl)triethoxysilane (APTES). While this set up did not improve adhesion, using APTES may
improve corrosion resistance, as has been previously established on AA 2024-T3 and magnesium-yttrium
alloys (Zhu and van Ooij, 2003; Dingchuan et al., 2012).
The Rust-Oleum Specialty Appliance Epoxy was used after the previous two-part epoxy
deteriorated in oxalic acid tests and left the aluminum alloy completely exposed to the effects of the
acid. The Rust-Oleum epoxy was found to protect the metal in oxalic acid, and was then tested in the A.
niger environment. After its application and curing, this epoxy forms a hard, moisture resistant enamel
on the metal surface after it dries. The resin in the paint is an epoxy ester modified alkyd in a toluene
solvent. Other ingredients in the formulation include propane, xylene, titanium dioxide, and others in
smaller quantities. The complete chemical list is provided in Table 2 in the Appendix.
Moving forward with this project, it is suggested that further testing should be conducted with
the epoxy coating in the fungal environment. An analysis of epoxy composition should take place before
and after the exposure to A. niger. Additionally, change in weight of the coupons should be observed
before and after, as it can be assumed that if A. niger utilized the epoxy as a source of carbon, weight
loss should take place. In this way, the rate of coating degradation by the fungus could be obtained. In
the long run, other commonly used coatings should be tested in the presence of various fungal species.
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Although this work was only a small slice of the potential for research of epoxy in the presence
of fungi, the implications of the results could have a significant impact on the airspace industry, in which
careful measures would be taken to select microorganism-resistant coatings. As the project was aimed
at helping to deepen the understanding of protection against MIC on aluminum surfaces on aircrafts,
the aircraft industry may find these results useful in their design and maintenance operations.
Conducting this project opened my eyes to the challenges of research. It highlighted the
importance of recording every action taken and every measurement, as well as the importance of
literature analysis and long-term planning prior to conducting the research. Many challenges arose with
my inexperience with coatings and fungi cultivation; thus, a lot of time was spent on experimental trialand-error. What I found to be the most fascinating part of this project was my work with A. niger and
the direct observation of the great potential of such living organisms to alter their surrounding
environment, whether it is to the benefit or detriment to humans.
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Introduction
Between 2002 and 2013, the cost of corrosion to the U.S. jumped from $276 billion (Koch et al.,
2002) to more than $1 trillion (Jackson, 2013). The drastic increase, as well as the impact of potential
structural failure on human lives, serves as motivation for the research of methods of corrosion
prevention and protection.
It has been known that microorganisms, such as bacteria or fungi, have been responsible for
corrosion of metals in environments where corrosion would not typically be expected (Little & Lee,
2009). This type of corrosion is designated as microbiologically-influenced corrosion, or MIC, and arises
due to the activities or products of the microorganisms which grow on the metal surfaces. While several
mechanisms exist through which microorganisms cause and accelerate corrosion, this work is focused
solely on an acid-producing fungus, A. niger. Organic acids excreted by this fungus have been found as
the cause of pitting corrosion in painted carbon steel and aluminum storage containers (Little & Lee,
2009). Microbial degradation takes place not only on metals, but also on polymeric materials, though
the mechanism is not Coatings for protection of metals against moisture and chemicals often fail
Previous research comprehensively studied the effect of Aspergillus niger growth on the AA
2024-T3 aluminum alloy (Dai et al., 2016). The study demonstrated the corrosive behavior of the fungus
on the metal specimen, due to the production of 0.068 M 2.3 pH oxalic acid. This work aimed to build on
the previous research and to evaluate epoxy as a method of corrosion prevention on the AA 2024-T3
specimen in the presence of A. niger.
Corrosion is classified into two categories: uniform and localized. Uniform corrosion covers the
majority of the surface of a metal and has a steady, predictable rate; it carries no further subcategories.
Meanwhile, various types of localized corrosion exist. They include galvanic, erosion, pitting, crevice,
filiform, and microbial corrosion. While specific conditions must be present for each type of corrosion to
occur, all corrosion proceeds via the same electrochemical process, for which four elements come
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together: an anode, which loses electrons; a cathode, which receive electrons; a conducting medium,
and a current path. The electron flow through the current path from the anode to the cathode is aided
by the conducting medium, which is most often water. The rate of corrosion is dictated by the electric
potential between the anode and cathode, pH of the conducting medium, temperature, and the oxygen
available for the reaction (Callister, 2009).
Fungal erosion of materials proceeds through direct or indirect erosion. In direct erosion, the
material on which the fungus grows serves as its food source. In indirect erosion, the fungus obtains the
nutrient source from a different source nearby; however, the metabolites produced by the fungus could
be destructive to the material on which it resides (Wang & Wang, 2006). The latter mechanism occurs in
the system of aluminum and Aspergillus niger. In relevance to the epoxy coating degradation, it is not
yet known whether direct or indirect erosion is the mechanism responsible.
Background
The corrosion of aluminum by A. niger is due to the highly acidic conditions created by the
fungus via its production of oxalic acid. While aluminum possesses great corrosion resistance properties
in solutions of pH between 4.0 and 8.5, aggressive corrosion is observed outside of that range, in acidic
or alkaline solutions. In the industry, oxalic acid has been used in the pharmaceutical operations as a
purifying agent and in metallurgy as a pickling agent (Nwaogu et al., 2010). The U.S. Department of
Energy has also utilized the acid in waste treatment to dissolve aluminum hydroxides (Boily et al., 2007).
Studies have also been conducted on sodium oxalate as an inhibitor of chloride induced pitting
corrosion of aluminum and its alloys (Kobotiatis, et al., 1999). A passive layer forms on the surface of
aluminum, due to the adsorption of oxalate ions, inhibiting the electrochemical processes.
Organic acids containing carboxylic groups have been known to either inhibit or accelerate
corrosion on the alloy and/or oxide surface through the formation of insoluble or soluble compounds (8,
20-27). The direction in which the reaction proceeds depends highly on concentration, pH, temperature,
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and exposure time (22). A recent comprehensive study conducted by Dai et al. (2016) investigated the
influences of pH and concentration of oxalic acid on the corrosion behavior of AA 2024. The findings
showed that most aggressive corrosion occurred at pH levels of 2 to 5, and the corrosion rate increased
with increasing oxalate concentration after pH of 5.8.
The fungal species A. niger was determined to be the most efficient in the production of oxalic
acid, when tested against other oxalate-producing species. The filamentous fungus has been isolated in
many areas of the world, growing aerobically on organic material in warm and humid places. It is often
found in soil and litter, compost, and decaying plant matter. The fungus has the ability to grow in a wide
temperature range, between 6oC and 47oC, and over a wide pH range, between 1.4 and 9.8. Through
fermentation, A. niger is able to produce not only oxalic, but also citric, fumaric, and gluconic acids.
Additionally, the fungus is also a rich source of various enzymes, including pectinase, protease, and
amyloglucosidase. Each product of A. niger is produced by different strains of the fungus and at various
conditions (Schuster et al., 2002).
The corrosion inhibition or acceleration of aluminum and its alloys in the presence of A. niger
has also been debated. Some researchers found that the fungus protected pure aluminum due to the
passivating layer of aluminum oxides that formed on the surface (Juzeliunas et al., 2005, 2007), while
others claimed that the fungus caused corrosion (Hagenauer et al., 1994; Belov et al., 2008). In the
presence of A. niger, the determining factors for the inhibition or acceleration of the aluminum alloy
corrosion are the culturing medium, fungi-produced metabolites, and the type of alloy used. Dai et al.
(2016) later conducted a study on the corrosion of AA 2024-T3 by A. niger, and found that in the created
conditions, the fungus excreted 0.068 M oxalic acid, at a pH of 2.3, corroding the aluminum alloy at a
rate of around 180 µm y-1.
A. niger’s oxalic acid production depends solely on the process of hydrolytic cleavage of
oxaloacetate catalyzed by oxaloacetate hydrolase (OAH) (Cullen, 2007). Hydrolytic cleavage requires a
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source of phosphorus or nitrogen. Likewise, oxaloacetate can be produced from the fixation of carbon
dioxide into a molecule of pyruvate by the cytoplasmic pyruvate carboxylase (Plassard and Fransson,
2009). In the presence of OAH, the bond between the second and third carbons is broken to produce
oxalic and acetic acid (Kubicek, 1988), and the acetic acid is quickly converted into other compounds or
recycled for metabolic purposes by the organism. Meanwhile, the oxalic acid is deposited into the
medium on which the fungus grows (Kobayashi et al., 2014).
In this project, epoxy was evaluated as a method of protection against the corrosive behavior of
the fungus. According to previous research, the Aspergillus microbial strain has been found to be one of
the most common strains involved in polymer degradation, which involves the hydrolase enzyme in the
process. A surface covered with epoxy, an alkyd resin, was the most susceptible to fungal growth
particularly A. niger (Capitelli et al., 2005). In fact, it was the most abundant fungus discovered on all
biodegraded resins in the same study.
Literature shows that the presence of A. niger on the epoxy surface turned it rough and brittle.
Molecular weight reduction has been observed, as well as an increase in carbonyl double bond groups
(Raaman et al., 2012). While the mechanism of degradation of the polymers/resins has not been exactly
identified, it is predicted that depolymerization occurs, which involves the enzymes of extracellular and
intracellular depolymerase categories (Raaman et al., 2012). During degradation, chain scission of
complex chains is initiated and carried out by the exo-enzymes excreted by the fungus. The formed
shorter chains – oligomers, dimers, monomers – are sufficiently small in size to pass through the semipermeable membranes of the fungus and thus be utilized as the carbon food source (Raaman et al.,
2012).
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Experimental Methods
Coupon preparation
The aluminum alloy 2024 (AA 2024-T3) sheet was purchased from McMaster-Carr. The alloy was
composed of Si 0.50 wt%, Fe 0.50 wt%, Cu 3.8-4.9wt%, Mn 0.3-0.9 wt%, Mg 1.2-1.8 wt%, Cr 0.1 wt%, Zn
0.25 wt%, Ti 0.15 wt%, and the rest Al. Rectangular coupons, of 10 mm x 20 mm x 0.3 mm proportions,
were cut from the pre-polished sheets. The coupons were prepared by sequential sonication in hexane,
acetone, ethanol, and deionized water for 5 minutes each, after which they were air dried and weighed.
The coupons were stored in well plates, which were labeled and sealed.
Coating preparation
For the two-part epoxy coating, the epoxy and curative were combined at a weight ratio of 1.36
to 1. The viscous mixture was then diluted with acetone 1.5 times by weight. Other diluted mixtures
were created, but it was experimentally found that this ratio allowed for the smoothest spray
application without any air bubbles.
The Rust-Oleum Specialty Appliance Epoxy was purchased in a 12 oz aerosol spray can from
Amazon.com. As per instructions from the manufacturer, the can was shaken until the pea inside began
to rattle, and the shaking was continued afterwards for 1 minute.
Coating application
For the MIC study, it was crucial to have full coverage of the metal surface exposed to the
fungus. Several methods of the coating application were tested, including dip-coating, spray-coating,
and sealing the coupon onto a glass slide. The last method worked best due to ease of coating
application onto the slide and full coupon surface coverage. In the sealing method, a 75 mm x 25 mm
glass slide was cut into half and sonicated in an acetone bath, followed by an ethanol bath. The coupons
were air dried and placed into petri dishes. Once the coating was prepared, each coupon was placed
horizontally into the paint spraying box, which was located in the chemical hood of the laboratory. The
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coating was poured into the cup of the spray gun, and two coupons at a time were sprayed. To maintain
consistency, the gun was held at the height of the box sides, and the gun was passed over the slides 3
times. After the glass slides have been coated, the cleaned Al 2024-T3 coupons were placed on top of
the coating using tweezers, and the coating stream from the spray gun was passed over the entire set
up 3 times.
At smaller dilutions (0.5x-1.0x), the dip-coating method was attempted, in which the aluminum
alloy coupon was gripped vertically by a clip, and the bottom of the coupon was immersed into the
prepared epoxy mixture. The immersion process was repeated 3 times, after which the coupon was
hung up to air dry at room temperature. After 24 hours, the process was repeated on the other half of
the coupon. After another 24 hours, once both halves of the coupon were dry, they were placed into an
80 oC oven for 2 hours, in which the curing was completed.
The sealing-on-glass method was used for the Rust-Oleum epoxy application. The glass slides
were coated first, and the metal coupons were immediately placed onto the coated slides. The spray
stream was passed over the samples 3 times to ensure complete coating.
Oxalic acid immersion tests
According to the ASTM G31-12a guide for laboratory immersion corrosion testing, the minimum
volume of solution for a given sample should be at a ratio of 0.20 mL/mm2 with the sample’s surface
area. Thus, the Al 2024-T3 coupons which were sealed onto a glass slide had an average surface area of
200 mm2 exposed to the acid, assuming the area of the edges is negligible. Thus, 40 mL of oxalic acid was
necessary.
Using the results from the previous research of fungus-induced aluminum corrosion as a basis,
0.068 M oxalic acid was prepared in 1 L proportions. In a 1 L volumetric flask, 8.83 g of oxalic acid
dehydrate (CAS 6153-56-6, Sigma-Aldrich) was dissolved in deionized water. The solution was poured
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into 50 mL plastic centrifuge tubes to the ASTM-recommended volume of 40 mL, after which the coated
samples were placed into the tubes.

Figure 1. Oxalic acid immersion test set-up (two-part epoxy coating on Al 2024-T3 coupon, sealed on a
glass slide).
Preparation of the A. niger spore suspension
The ASTM G 21-90 (1990) standard dictated methods for spore preparation of the A. niger strain
NRRL 13201. Potato dextrose agar (PDA) was first prepared using 6 g of broth and 250 mL of deionized
water. From this solution, several petri dishes were filled and the agar was left to solidify. A niger was
grown on three agar plates, by cutting out portions of agar with previously grown fungus and laying
them face-down onto the fresh agar plates. These plates were placed into a sealed chamber at 23 oC and
more than 90% relative humidity. Within 7 days, the black spores of the fungus were clearly visible.
After 14 days, the spores of one plate were collected and dispersed in a sterile Tween-80 solution (0.5%
v/v). The suspension was vortexed to break up any spore clumps.
The initial spore count was taken using a cell counting chamber (CytoOne, USA Scientific, FL,
U.S.A). A light microscope (Inverted microscope IX 70, Olympus American Inc., U.S.A) with a digital
camera (MT 300, Amscope, CA, U.S.A.) was used for the quantification and size measurement of the
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spores. Once the concentration of spore per mL was known, the suspension was diluted to 1x106
spores/mL and used in the study. Spore size was measured using a stage micrometer under the light
microscope. The average size of the spores was 7.5 µm.

Figure 2. A. niger culture on potato dextrose agar plate.

Figure 3. A. niger spores in the cell-counting chamber before (left) and after (right) dilution with 0.5%
v/v Tween-80 solution.
Corrosion protection testing
Six coated samples were rinsed in ethanol, air-dried, and placed face-down onto PDA-filled well
plates, after which 1 mL of the 1x106 spore/mL solution was pipetted onto the samples. The samples
were kept in 23 oC and more than 90% relative humidity conditions for 12 days, due to time constraints.
They were then removed, rinsed with ethanol, dried, and analyzed. Figure 4 below illustrates the set-up.
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Figure 4. The experimental set up of coated coupon testing in a fungal environment, before A. niger
growth (left) and after 12 days of growth (right).
As a control, three coated samples underwent a 12-day immersion corrosion test, as described
previously.
Coating Morphology Visualization
With the aid of infinite focus microscopy (Alicona Corporation, Austria), or IFM, 3-D images of
the surface profiles have been obtained. The method helped to visualize the change of the coating
morphology from its initial to final state.
Metabolite Analysis using HPLC
Once the coating has been tested with the fungus, a sample of the agar was taken from three
different wells, using the wide end of a glass pipette. Each disc was dissolved in 2 mL DI water in a glass
vial using a vortex. Next, each solution was filtered through a 0.22 µm PVDF filter, and analyzed using a
Shimadzu LC-10A high-performance liquid chromatography (HPLC) system (Shimadzu Corp., Columbia,
MD). The HPLC system utilized the Amninex HPX-87H column (Bio-Rad Laboratories Inc., USA).
Additionally, the system was equipped with a refractive index detector and a UV-Vis detector (SPD-10A).
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The mobile phase consisted of a 0.008 N H2SO4 solution at 0.6 mL/min. The column temperature was set
to 35 oC. The samples were tested using the UV-Vis detector, at wavelengths of 210 nm and 254 nm, and
a refractive index detector was also used.
Calculation of corrosion rate in mpy
𝑑𝑎𝑦𝑠
𝑚𝑖𝑙𝑠
𝑖𝑛3
𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (𝑔)×365 𝑦𝑟 ×1000 𝑖𝑛 ×0.061
𝑐𝑚3
𝑐𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑚𝑝𝑦) =
𝑔
𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒 (𝑑𝑎𝑦𝑠)×𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ( 3 ) ×𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 (𝑖𝑛2 )
𝑐𝑚
Data and Results
Difficulties in ensuring a fully-coated sample were encountered throughout the length of this
project. As seen in Figure 5 below, the two-part epoxy failed at the coupon edges after 48 hours of
submersion in 0.068 M oxalic acid. It is unknown whether the two-part epoxy degraded due to the
effects of the acid or from osmotic blistering (permeation of aqueous solution through the coating).
Meanwhile, the Rust-Oleum epoxy resisted this failure, as can be observed in Figure 6. Therefore, this
coating was selected to be used for testing in the presence of A. niger.

Figure 5. Coupons sealed on glass with the two-part epoxy coated on them, before (left) and after (right)
7 days of oxalic acid immersion. Corrosion is observed in the right sample.
After the 12-day period, when the samples were extracted from the wells, a biofilm was formed
on the edges of the glass slides, and black A. niger spores were observed to be growing on the coating
around the edges. Once the coupons were rinsed in 70% ethanol, a yellowing of the coating around the
edges of the sample became evident, signifying a possible chemical change. Creating a scratch on the
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coupons also revealed the brittleness and the ease with which the epoxy exposed to fungus flakes off
the surface (Figure 6). IFM images of the center of the coated coupon surface after the exposure to
fungus were taken, and an example is illustrated in Figure 7. The images indicate the growth of spores
on the surface, and their protrusion in the surface profile visualization.

Figure 6. Scratched surface of coupons after oxalic acid (left) and A. niger (two samples on right).

Figure 7. IFM analysis of the epoxy coated coupon after 12-day exposure to A. niger.
Light microscope images in Figure 8 below indicated the presence of domains, the shape of
which was more round than the elongated domains of the oxalic acid-exposed coupons. If the fungus
was using the coating as a carbon source, it was proposed that there may be differences in surface
roughness. This idea was investigated using surface roughness values measured by the IFM. These were
compared for control coupons, and those subjected to oxalic acid and A. niger. The surface roughness
15

results are compared in Table 1. Surprisingly, the surface roughness is higher for the coated coupons
exposed to oxalic acid, although the sample size may be too small to make a final conclusion.

Figure 8. Light microscope image of Rust-Oleum epoxy coating surface exposed to fungus (left) and
oxalic acid (right). Domains are clearly visible on the surface exposed to fungus. The scale bar is 200 m.
Table 1. Surface roughness measurements at two different points on the coated coupons, along with an
average.
Surface
Average
Sample
Roughness (nm)
(nm)
Control
31.4903
31.96105
32.4318
After oxalic acid
88.9319
90.20365
91.4754
After A.niger
72.5199
71.19025
69.8606
Metabolite analysis in the agar medium was conducted using HPLC, as described in the
Experimental section of this report. It was desired to see whether the production of oxalic acid
occurred, as HPLC analysis of the medium prior to the experiment. In the previous study, the oxalic acid
standard retention time was at 6.6 minutes (Dai et al., 2016). Both the UV-Vis and RI results reflect a
peak around this time, indicating the presence of oxalic acid (Figures 9-11). However, the RI results
indicate the presence of other compounds, as well. Time constraints did not allow for the exact
characterization of these compounds.
Discussion and Analysis
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It is evident that degradation of the Rust-Oleum Specialty Appliance epoxy coating occurred, as
yellowing and brittleness of the coating was observed following exposure to A. niger. Alkyd resin-based
paints, such as the coating used, have been found to be the easiest to bio-deteriorate in comparison to
acrylic- or poly(vinyl acetate)-based paints (Capitelli et al., 2005), under favorable environmental
conditions. According to the ASTM standard, testing in the presence of a microorganism should take
place over 28 days, which was not done in this project but should be noted for future work (ASTM G2196, 2002). As stated earlier, due to challenges encountered, there are still multiple unknowns in this
project and the results do not paint a complete picture. Some of these unknowns include the condition
of the epoxy coating after the full 28 days, compounds present in the agar medium after exposure to
fungus, weight changes of the coupons over time, full chemical characterization of the epoxy coating,
and the mechanism through which coating degradation occurs in the presence of the fungus (direct or
indirect erosion).

Figure 9. Oxalic acid peak in HPLC UV-Vis detector results at 210 nm of the metabolite in the PDA
medium. Sample of medium taken after exposure of coated coupon to A. niger for 12 days. Area of
peak is 15799 mAU-min.
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Figure 10. Oxalic acid peak in HPLC UV-Vis detector results at 254 nm of the metabolite in the PDA
medium. Sample of medium taken after exposure of coated coupon to A. niger for 12 days. Area of
peak is 1638 mAU-min.

Figure 11. HPLC RI detector curve of the metabolite in the PDA medium analysis. The oxalic acid peak is
shown at 6.09 min, but three other compounds are evident by the remaining peaks

While weight loss measurements for corrosion rate calculations of the Al 2024-T3 coupons may
be crucial in experimentation with uncoated metals, they were difficult to acquire in the case of coated
metals. The final weight measurements were often greater than the initial, and thus accuracy suffered.
The data is presented in Table 3 in the Appendix, where the corrosion rate is only calculated for the
uncoated aluminum alloy coupons. It is evident that there is weight gain, hence the values for the
coated samples in the “Weight Loss” column are negative. This is likely due to two factors: the epoxy
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may have reacted with the 69.7 wt% nitric acid that was used to remove corrosion products from the
aluminum, and/or the moisture trapped beneath the surface of the coating. Despite rinsing the samples
with DI water and air-drying them for several days, the final weight was still larger. However, corrosion
rate may not be necessary for this study due to the fact that the coating can either protect the
underlying metal or fail. Therefore, the corrosion rate would either be nonexistent or eventually equal
to that of the bare metal. It became clear, after the study was conducted, that in order to be able to use
weight loss measurements to determine corrosion rate, an initial experiment should be conducted on
the water or acid uptake of the coating. This way, the amount of water can be subtracted from the
metal weight loss. Perhaps a better method to quantify the corrosion on coated coupons would have
been to use the scribe evaluation method. The coupons would be scribed in the center and subjected to
the fungus, after which a portion of the scribed area would be sealed in epoxy and the corrosion creep
would be assessed using scanning electron microscopy (SEM) (ASTM D1654-08, 2016).
It is important to note that it may be likely that different acids, besides oxalic, are produced if
the fungus utilizes the Rust-Oleum epoxy coating components as a source of carbon. It is known that
yields and types of organic acids are strongly influenced by the culture conditions, which include the
carbon source and its concentration. The various carbon sources could be glucose, xylose, fructose,
sucrose, and maltodextrin. In future work, the compounds detected by the RI detector should be
determined. These likely did not show up in the UV-Vis detector due to the fact that the set wavelengths
of 210 nm and 254 nm were outside the detection range of those particular compounds.
Besides the previously discussed issues, there were limitations of this project in its real-world
application. First, only one strain of a single fungus was evaluated, whereas conditions on the aluminum
surfaces in in an aircraft lend themselves to a combination of various fungi or bacteria. Secondly, epoxy
is a primer and is usually covered by polyurethane. The effects of having these two coatings in
combination have not been analyzed, though it may lend interesting results.
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Appendix
Nomenclature
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.

A. niger – Aspergillus niger
M – molarity (moles/liter)
%wt - percent by weight concentration
%v/v – percent by volume concentration
HPLC – high-performance liquid chromatography
PVDF – polyvinylidene fluoride
L – liter
mL – milliliter
g – gram
mg – milligram
µm – micrometer
nm – nanometer
o
C - Celsius

Table 2. Rust-Oleum epoxy composition.

Chemical Composition of Rust-Oleum Specialty Appliance Epoxy
Propane
Isobutane
1,2,4-Trimethylbenzene
Ethylbenzene
Butane
Toluene
1,1'-Oxydi-2-propanol
Xylene (mixed isomers)
Titanium dioxide
Solvent naptha, petroleum, light aromatic
Pentaerythritol, pthalic anhydride, soybean oil polymer
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Corrosion data
Table 3. Corrosion data for coupons sealed on glass with two-part epoxy and uncoated (control)
samples. Negative weight loss measurements indicate weight gain.
Coupon wt Glass wt
(g)
(g)

Coupon#
Coated
Coated
Coated
Coated
Coated
Coated
Control
Control
Control

1
2
3
4
5
6
1
2
3

0.2868
0.2728
0.3041
0.2833
0.2962
0.2995
0.2722
0.2879
0.28695

2.526
2.455
2.528
2.450
2.471
2.490
-

Coating + Coating
Wt after 7
Aluminum
Wt loss
Surface
Exposure
Corrosion
coupon + thickness days in oxalic
density
(g)
area (cm2) time (days)
rate (mpy)
glass wt (g) (mm)
acid (g)
(g/cm3)
2.884
0.4
2.903
-0.019
2
7
2.70
2.824
0.4
2.856
-0.032
2
7
2.70
2.913
0.4
2.934
-0.021
2
7
2.70
2.884
0.4
2.910
-0.026
2
7
2.70
2.856
0.4
2.879
-0.023
2
7
2.70
2.888
0.4
2.951
-0.063
2
7
2.70
0.264 0.00780
4
7
2.70
14.82
0.280 0.00835
4
7
2.70
15.87
0.279 0.00820
4
7
2.70
15.58

Sample calculation of corrosion rate in in mpy (mils/year)
𝑑𝑎𝑦𝑠
𝑚𝑖𝑙𝑠
𝑖𝑛3
)(1000
)(0.061
)
𝑦𝑟
𝑖𝑛
𝑐𝑚3
𝑔
(7 𝑑𝑎𝑦𝑠)(2.70
)(0.310 𝑖𝑛2 )
𝑐𝑚3

(0.0078 𝑔)(365
𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
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Honors Abstract Addendum
The aim of this study was to assess the potentials of using epoxy coatings for the prevention of fungusinduced corrosion. The metal specimen of interest was the aluminum alloy AA 2024-T3. The main intent
was to evaluate the behavior of the organic acid producing fungus, Aspergillus niger (A. niger), towards
the epoxy-coated aluminum. Two different types of epoxy coatings were used: a two-part resin and a
commercially-available Rust-Oleum Specialty Appliance Epoxy. Due to challenges encountered
throughout the length of the project and time constraints, limited quantitative data was obtained.
However, from optical and visual data it can be concluded that epoxy does not serve as a sufficient
barrier against A. niger and therefore does not provide corrosion protection. The results fall in
agreement with literature, which states that epoxy coatings serve as an easy carbon source for the
fungus. Although the mechanism via which fungi and other microorganisms contribute to polymeric
coating failure is not evident, it has been proposed that the fungus breaks down the long-chain resin
into smaller molecules that are able to pass through its membrane and become metabolized. It is also
possible that the organic acids or enzymes produced by certain microorganisms lead to selective
leaching of coating components and cause the coatings to become unstable, as the degree of ion
transport and porosity increases.
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